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We generalize the BRST transformations in Abelian rank-2 tensor field theory
by allowing the parameter to be finite and field dependent and show that such
transformations play crucial role in studying the Abelian 2-form gauge theory in
noncovariant gauges. The generating functionals in different effective theories are
connected through these generalized BRST transformations with different choice of
finite parameter. We further consider the generalization of the anti-BRST transfor-
mations and show that even anti-BRST transformations with the finite field depen-
dent parameter relate the generating functional for different effective theories. Such
generalized BRST/anti-BRST transformations are useful in connecting generating
functionals corresponding to different effective theories. Field/antifield formulation
of this Abelian 2-form gauge theory is also studied in the context of generalized
BRST transformations. We show that generalized BRST transformation connects
the generating functional corresponding to the different solutions of quantum master
equation in field/antifield formulation.
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2I. INTRODUCTION
Gauge theories of Abelian rank-2 antisymmetric tensor field play crucial role in study-
ing the theory for classical strings [1], vortex motion in an irrotational, incompressible
fluid [2, 3] and the dual formulation of the Abelian Higgs model [4, 5]. Abelian rank-2
antisymmetric tensor fields are also very useful in studying supergravity multiplets [6],
excited states in superstring theories [7, 8] and anomaly cancellation in certain superstring
theories. Geometrical aspects of Abelian rank-2 antisymmetric tensor fields are studied
in a U(1) gauge theory in loop space. The Ward-Takahashi identities are derived for such
theories in a superspace formulation [9].
Covariant quantization using BRST formulation for an Abelian rank-2 antisymmetric
tensor field was studied consistently by many people [10–15]. In such covariant quanti-
zation a naive gauge fixing term containing the antisymmetric tensor field is itself invari-
ant under a secondary gauge transformation and hence further commuting ghost fields
(ghost of ghosts) are required for complete gauge fixing. The usual BRST transforma-
tions are characterized by an infinitesimal, anticommuting and global parameter. These
transformations in pure Yang-Mills theory have been generalized by allowing the param-
eter to be finite, field dependent but independent of xµ explicitly (known as FFBRST
transformations)[16]. Such a generalized BRST transformations are symmetry of the
effective action and are nilpotent.
The generalized BRST transformations have found many applications in studying 1-
form gauge theory [16–26]. A correct and explicit prescription for the poles in the gauge
field propagators in noncovariant gauges have been derived by connecting the effective
theories in covariant gauge to the theories in noncovariant gauge through FFBRST trans-
formations [17, 24]. Hence one does not need to put a prescription for the poles by hand
in the formulation using FFBRST transformations [17]. The divergent energy integrals in
Coulomb gauge are regularized by modifying the time like propagator by considering the
generalized BRST transformations [24]. The question of gauge invariance of the Wilson
loop in the light of a new treatment of axial gauge propagator [17] are proposed based on
a the FFBRST transformations [20–22]. Using the technique of generalized BRST trans-
3formations it has been shown that the classical massive Yang-Mills theory and the pure
Yang-Mills theory whose gauge symmetry is broken by a gauge fixing term are identical
from the view point of quantum gauge symmetry [23].
In this present work we study the quantization of the Abelian rank-2 antisymmetric
tensor field by using the generalized BRST transformations. We have shown that it is
possible to construct the Abelian rank-2 tensor field theory in noncovariant gauges by
using generalized BRST transformations. In particular, we have shown the generating
functional for Abelian rank-2 tensor field theory in covariant gauges transformed to the
generating functional for the same theory in a noncovariant gauges for a particular choice
of the finite parameter in generalized BRST transformations. The new results arise from
the nontrivial Jacobian of the path integral measure under such finite BRST transfor-
mations. We have established the connections explicitly for the theories in two different
noncovariant gauge, namely axial gauge and Coulomb gauge.
The Lagrangian quantization of Batalin and Vilkovisky [27–31], also known as the
field/antifield formulation considered to be one of the most powerful and advanced tech-
nique of quantization of gauge theories involving the BRST symmetry [30, 31]. We con-
sider the field/antifield formulation of Abelian rank-2 tensor field theory by introducing
the antifield φ⋆ corresponding to each field φ with opposite statistics to study the role of
generalized BRST transformation in such formulation. We show that the FFBRST trans-
formation changes the generating functional corresponding to one gauge fixed fermion to
the generating functional to another gauge fixed fermion. Thus FFBRST transformation
connects the different solutions of the master equation in field/antifield formulation. We
show this by considering an explicit example.
This paper is organized in the following manner. We start with a brief discussion about
Abelian rank-2 antisymmetric tensor field theory in the Sec. 2. A brief introduction of
the generalized BRST transformations is given in Sec. 3. The connections between dif-
ferent generating functionals through generalized BRST transformations in 2-form gauge
theories with appropriate examples are shown in the Sec. 4. The generalized anti-BRST
transformations for such theories are considered in the Sec. 5. The field/antifield for-
4mulation of 2-form gauge theory using FFBRST transformation is mentioned in Sec. 6.
Mathematical details, for section 4, are provided in Appendices. Last section is kept for
discussion and concluding remarks.
II. PRELIMINARY : GAUGE THEORY OF ABELIAN RANK-2
ANTISYMMETRIC TENSOR FIELD
We consider the Abelian gauge theory for rank-2 antisymmetric tensor field Bµν defined
by the action
S0 =
1
12
∫
d4xFµνρF
µνρ, (2.1)
where Fµνρ ≡ ∂µBνρ + ∂νBρµ + ∂ρBµν . This action is invariant under the gauge transfor-
mation δBµν = ∂µζν − ∂νζµ with a vector gauge parameter ζµ(x).
To quantize this theory using BRST transformation, it is necessary to introduce the
following ghost and auxiliary fields: anticommuting vector fields ρµ and ρ˜µ, a commuting
vector field βµ, anticommuting scalar fields χ and χ˜, and commuting scalar fields σ, ϕ,
and σ˜. The BRST transformation is then defined for Bµν by replacing ζµ in the gauge
transformation by the ghost field ρµ.
The complete effective action for this theory in covariant gauge, using the BRST for-
mulation, is given by
SLeff = S0 + Sgf + Sgh (2.2)
with the gauge fixing and ghost term
Sgf + Sgh =
∫
d4x [−i∂µρ˜ν(∂
µρν − ∂νρµ) + ∂µσ˜∂
µσ + βν(∂µB
µν + λ1β
ν − ∂νϕ)
− iχ˜∂µρ
µ − iχ(∂µρ˜
µ − λ2χ˜)] , (2.3)
where λ1 and λ2 are gauge parameters. This effective action is invariant under following
BRST and anti-BRST symmetries.
BRST:
δbBµν = −(∂µρν − ∂νρµ)Λ
5δbρµ = −i∂µσΛ, δbσ = 0
δbρ˜µ = iβµΛ, δbβµ = 0
δbσ˜ = −χ˜Λ, δbχ˜ = 0
δbϕ = −χΛ, δbχ = 0, (2.4)
Anti-BRST:
δabBµν = −(∂µρ˜ν − ∂ν ρ˜µ)Λ
δabρ˜µ = −i∂µσ˜Λ, δabσ˜ = 0
δabρµ = −iβµΛ, δabβµ = 0
δabσ = −χΛ, δabχ = 0
δabϕ = χ˜Λ, δabχ˜ = 0, (2.5)
where the BRST parameter Λ is global, infinitesimal and anticommuting in nature. The
anti-BRST transformations are similar to the BRST transformations, where the role of
ghost and antighost field is interchanged with some modification in coefficients. The gen-
erating functional for this Abelian rank 2 antisymmetric tensor field theory in a covariant
gauge is defined as,
ZL =
∫
Dφ exp[iSLeff [φ]] (2.6)
where φ is the generic notation for all the fields (Bµν , ρµ, ρ˜µ, βµ, ϕ, σ, σ˜, χ, χ˜).
The BRST and anti-BRST transformations in Eqs. (2.4) and (2.5) respectively
leave the above generating functional invariant as, the path integral measure Dφ ≡
DBDρDρ˜DβDσDϕDσ˜DχDχ˜ is invariant under such transformations.
III. GENERALIZED BRST IN ABELIAN RANK 2 ANTI-SYMMETRIC
TENSOR FIELD
The properties of the usual BRST transformations in Eq. (2.4) do not depend on
whether the parameter Λ is (i) finite or infinitesimal, (ii) field dependent or not, as long
as it is anticommuting and space-time independent. These observations give us a freedom
6to generalize the BRST transformations by making the parameter, Λ finite and field
dependent without affecting its properties. To generalized the BRST transformations we
start with making the infinitesimal parameter field dependent by introducing a parameter
κ (0 ≤ κ ≤ 1) and making all the fields, φ(x, κ), κ dependent such that φ(x, κ = 0) = φ(x)
and φ(x, κ = 1) = φ′(x), the transformed field.
The usual infinitesimal BRST transformations, thus can be written generically as
dφ(x, κ) = δb[φ(x, κ)]Θ
′[φ(x, κ)]dκ (3.1)
where the Θ′[φ(x, κ)]dκ is the infinitesimal but field dependent parameter. The generalized
BRST transformations with the finite field dependent parameter then can be constructed
by integrating such infinitesimal transformations from κ = 0 to κ = 1 , to obtain
φ′ ≡ φ(x, κ = 1) = φ(x, κ = 0) + δb[φ(x)]Θ[φ(x)] (3.2)
where
Θ[φ(x)] =
∫ 1
0
dκ′Θ′[φ(x, κ′)], (3.3)
is the finite field dependent parameter.
It can easily be shown that such offshell nilpotent BRST transformations with finite
field dependent parameter are symmetry of the effective action in Eq. (2.2). However,
the path integral measure in Eq. (2.6) is not invariant under such transformations as the
BRST parameter is finite.
The Jacobian of the path integral measure for such transformations can be evaluated
for some particular choices of the finite field dependent parameter, Θ[φ(x)], as
DB′Dρ′Dρ˜′Dβ ′Dσ′Dσ˜′Dχ′Dχ˜′ = J(κ)DB(κ)Dρ(κ)Dρ˜(κ)Dβ(κ)Dσ(κ)Dσ˜(κ)
Dχ(κ)Dχ˜(κ). (3.4)
The Jacobian, J(κ) can be replaced (within the functional integral) as
J(κ)→ exp[iS1[φ(x, κ)]] (3.5)
iff the following condition is satisfied [16]∫
Dφ(x)
[
1
J
dJ
dκ
− i
dS1[ϕ(x, κ)]
dκ
]
exp [i(Seff + S1)] = 0 (3.6)
7where S1[φ] is local functional of fields.
The infinitesimal change in the J(κ) can be written as
1
J
dJ
dκ
= −
∫
d4x
[
±δbφ(x, κ)
∂Θ′[φ(x, κ)]
∂φ(x, κ)
]
, (3.7)
where ± sign refers to whether φ is a bosonic or a fermionic field.
By choosing appropriate Θ, we can make Seff + S1 either another effective action for
same theory or effective action for another theory. The resulting effective action also be
invariant under same BRST/anti-BRST transformations.
IV. GENERALIZED BRST IN 2-FORM GAUGE THEORY : EXAMPLES
In this section we would like to show explicitly that the generalized BRST transforma-
tions can relate the different effective theories. In particular we are interested to obtain
the effective theories for Abelain rank-2 tensor field in noncovariant gauges by applying
generalized BRST transformations to the effective theories in covariant gauge.
A. Effective theory in axial gauge
We start with the generating functional corresponding to the effective theory in Lorentz
gauge given in Eq. (2.6), where SLeff is invariant under following generalized BRST:
δbBµν = −(∂µρν − ∂νρµ)Θb[φ]
δbρµ = −i∂µσΘb[φ], δbσ = 0
δbρ˜µ = iβµΘb[φ], δbβµ = 0
δbσ˜ = −χ˜Θb[φ], δbχ˜ = 0
δbϕ = −χΘb[φ], δbχ = 0, (4.1)
where Θb is a finite, anticommuting BRST parameter depends on the fields in global
manner. To obtain the effective theories in axial gauge we choose the finite parameter as
Θ′b =
∫
d4x [γ1ρ˜ν(∂µB
µν − ηµB
µν − ∂νϕ− ηνϕ) + γ2λ1ρ˜νβ
ν
8+ γ1σ˜(∂µρ
µ − ηµρ
µ) + γ2λ2σ˜χ] (4.2)
where γ1 and γ2 are arbitrary parameters (depend on κ) and ηµ is arbitrary constant
four vector. Now we apply these generalized BRST transformations to the generating
functional ZL given in Eq. (2.6). The path integral measure is not invariant and give rise
a nontrivial functional eiS
A
1 (explicitly shown in Appendix A), where
SA1 =
∫
d4x[−βν∂µB
µν + βνηµB
µν + γ2λ1βνβ
ν − iρ˜ν∂µ(∂
µρν − ∂νρµ)
+ iρ˜νηµ(∂
µρν − ∂νρµ) + iγ2λ2χχ˜+ iχ˜∂µρ
µ − iχ˜ηµρ
µ
+ σ˜∂µ∂
µσ − σ˜ηµ∂
µσ − ∂µβ
µϕ+ ηµβ
µϕ+ iχ∂µρ˜
µ
− iχηµρ˜
µ]. (4.3)
Now, adding this SA1 to S
L
eff , we get
SLeff + S
A
1 ≡ S
A
eff , (4.4)
where
SAeff =
∫
d4x
[
1
12
FµνρF
µνρ + iρ˜νηµ(∂
µρν − ∂νρµ)− σ˜ηµ∂
µσ + βν(ηµB
µν
+ λ′1β
ν + ηνϕ)− iχ˜ηµρ
µ − iχ(ηµρ˜
µ − λ′2χ˜)] (4.5)
is the effective action in axial gauge with new gauge parameters λ′1 = (1 + γ2)λ1 and
λ′2 = (1 + γ2)λ2. Thus, the generalized BRST transformations with the finite parameter
given in Eq. (4.1) take
ZL
(
=
∫
DφeiS
L
eff
)
Generalized BRST
−−−−− −→ ZA
(
=
∫
DφeiS
A
eff
)
. (4.6)
The effective theory of Abelian rank-2 antisymmetric field in axial gauge is convenient in
many different situations. The generating functional in axial gauge with a suitable axis is
same as the generating functional obtained by using Zwanziger’s formulation for electric
and magnetic charges [33, 34]. Using the FFBRST transformations with the parameter
given in Eq. (4.2) we have linked generating functionals in covariant and noncovariant
gauges.
9B. Effective theory in Coulomb gauge
The generating functional for the effective theories in Coulomb gauge can be obtained
by using the generalized BRST transformations with a different parameter
Θ′b =
∫
d4x
[
γ1ρ˜ν(∂µB
µν − ∂iB
iν − ∂νϕ) + γ1ρ˜i∂
iϕ+ γ2λ1ρ˜νβ
ν
+ γ1σ˜(∂µρ
µ − ∂iρ
i) + γ2λ2σ˜χ
]
. (4.7)
The effective action in Lorentz gauge, SLeff as given in Eq. (2.2) is invariant under
generalized BRST transformations in Eq. (4.1) corresponding to above mentioned finite
parameter. Now we consider the effect of this generalized BRST transformations on the
generating functional in Lorentz gauge.
In Appendix B, it has been shown that the Jacobian for the path integral measure
corresponding to this generalized BRST transformations can be replaced by eiS
C
1 , where
SC1 is the local functional of fields calculated as
SC1 =
∫
d4x
[
−βν∂µB
µν + βν∂iB
iν + γ2λ1βνβ
ν − iρ˜ν∂µ(∂
µρν − ∂νρµ)
+ iρ˜ν∂i(∂
iρν − ∂νρi) + iγ2λ2χχ˜+ iχ˜∂µρ
µ − iχ˜∂iρ
i
+ σ˜∂µ∂
µσ − σ˜∂i∂
iσ − ∂µβ
µϕ+ ∂iβ
iϕ+ iχ∂µρ˜
µ
− iχ∂iρ˜
i
]
, (4.8)
and this extra piece of the action can be added to the effective action in covariant gauge
to lead a new effective action
SLeff + S
C
1 =
∫
d4x
[
1
12
FµνρF
µνρ + iρ˜ν∂i(∂
iρν − ∂νρi)− σ˜∂i∂
iσ + βν(∂iB
iν
+ λ′1β
ν)− βi∂
iϕ− iχ˜∂iρ
i − iχ(∂iρ˜
i − λ′2χ˜)
]
≡ SCeff , (4.9)
which is an effective action in Coulomb gauge for Abelian rank 2 tensor field. Thus we
can study the Abelian 2-form gauge theory in Coulomb gauge more rigorously through
its connection with Lorentz gauge via finite BRST transformations.
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V. GENERALIZED ANTI-BRST TRANSFORMATION IN 2-FORM GAUGE
THEORIES
In this section, we consider the generalization of anti-BRST transformations follow-
ing the similar method as discussed in section 4 and show it plays exactly similar role
in connecting the generating functionals in different effective theories of Abelian rank-2
antisymmetric tensor field.
A. Axial gauge theory using generalized anti-BRST
For sake of convenience we recast the effective action in covariant gauge given in Eq.
(2.2) as
SLeff =
∫
d4x
[
1
12
FµνρF
µνρ + i∂µρν(∂
µρ˜ν − ∂ν ρ˜µ) + ∂µσ∂
µσ˜ + βν(∂µB
µν + λ1β
ν − ∂νϕ)
− iχ∂µρ˜
µ − iχ˜(∂µρ
µ + λ2χ)] , (5.1)
which is invariant under following generalized anti-BRST transformations:
δabBµν = −(∂µρ˜ν − ∂ν ρ˜µ)Θab[φ]
δabρ˜µ = −i∂µσ˜Θab[φ], δabσ˜ = 0
δabρµ = −iβµΘab[φ], δabβµ = 0
δabσ = −χΘab[φ], δabχ = 0
δabϕ = χ˜Θab[φ], δabχ˜ = 0, (5.2)
where Θab is finite field dependent anti-BRST parameter. To obtain the generating func-
tional in axial gauge using finite field dependent anti-BRST (FF anti-BRST) transforma-
tions we choose,
Θ′ab = −
∫
d4x [γ1ρν(∂µB
µν − ηµB
µν − ∂νϕ− ηνϕ) + γ2λ1ρνβ
ν
− γ1σ(∂µρ˜
µ − ηµρ˜
µ) + γ2λ2σχ˜] . (5.3)
This parameter is similar to Θ′b in Eq. (4.2) except the (anti)ghost and ghost of (anti)ghost
fields are replaced by their antighost fields respectively.
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Similar to FFBRST case, these finite field dependent anti-BRST transformations
change the Jacobian in the path integral measure by a factor eiS
A
1 , where SA1 is a lo-
cal functional of fields and given by
SA1 =
∫
d4x[−βν∂µB
µν + βνηµB
µν + γ2λ1βνβ
ν + iρν∂µ(∂
µρ˜ν − ∂ν ρ˜µ)
− iρνηµ(∂
µρ˜ν − ∂ν ρ˜µ) + iγ2λ2χχ˜+ iχ∂µρ˜
µ − iχηµρ˜
µ
+ σ∂µ∂
µσ˜ − σηµ∂
µσ˜ − ∂µβ
µϕ + ηµβ
µϕ+ iχ˜∂µρ
µ
− iχ˜ηµρ
µ]. (5.4)
It is easy to verify that
SL + SA1 =
∫
d4x
[
1
12
FµνρF
µνρ − iρνηµ(∂
µρ˜ν − ∂ν ρ˜µ)− σηµ∂
µσ˜ + βν(ηµB
µν
+ λ′1β
ν + ηνϕ)− iχ˜ηµρ
µ − iχ(ηµρ˜
µ − λ′2χ˜)]
≡ SA, (5.5)
which is the action in axial gauge in 2-form gauge theory. Thus, the generalized anti-BRST
transformations with the finite parameter given in Eq. (5.2) take
ZL
(
=
∫
DφeiS
L
eff
)
Generalized anti−BRST
−−−−−−− −→ ZA
(
=
∫
DφeiS
A
eff
)
, (5.6)
which shows the FF-antiBRST transformations play a similar role as FFBRST transfor-
mations in 2-form gauge theroy.
VI. FIELD/ANTIFIELD FORMULATION USING FFBRST
TRANSFORMATION IN ABELIAN RANK-2 ANTISYMMETRIC TENSOR
FIELD THEORY
In this section we construct field/antifield formulation for Abelian rank-2 antisym-
metric tensor field theory to show that techniques of FFBRST formulation can also be
applied in this modern approach of quantum field theory. For this purpose we express the
generating functional in Eq. (2.6) in field/antifield formulation by introducing antifield
12
φ⋆ corresponding to each field φ with opposite statistics as,
ZL =
∫
[dBdρdρ˜dσdσ˜dϕdχdχ˜dβ] exp
[
i
∫
d4x
{
1
12
FµνλF
µνλ − Bµν⋆ (∂µρν − ∂νρµ)
− i ρµ⋆∂µσ + iρ˜
ν⋆βν − σ˜
⋆χ˜− ϕ⋆χ}] . (6.1)
This can be written in compact form as
ZL =
∫
Dφ exp [iWΨL(φ, φ
⋆)], (6.2)
where WΨL(φ, φ
⋆) is an extended action for 2-form gauge theory in Lorentz gauge corre-
sponding the gauge fixed fermion ΨL having grassman parity 1 and ghost number -1. The
expression for ΨL is
ΨL = −i
∫
d4x [ρ˜ν (∂µB
µν + λ1β
ν) + σ˜∂µρ
µ + ϕ (∂µρ˜
µ − λ2χ˜)] . (6.3)
The generating functional ZL does not depend on the choice of gauge fixed fermion. This
extended quantum action, WΨL(φ, φ
⋆) satisfies certain rich mathematical relation called
quantum master equation [31], given by
∆eiWΨ[φ,φ
⋆] = 0 with ∆ ≡
∂r
∂φ
∂r
∂φ⋆
(−1)ǫ+1. (6.4)
The antifields φ⋆ corresponding to each field φ for this particular theory can be obtained
from the gauge fixed fermion as
Bµν⋆ =
δψL
δBµν
= i∂µρ˜ν , ρ˜ν⋆ =
δψL
δρ˜ν
= −i(∂µB
µν + λ1β
ν − ∂νϕ)
ρµ⋆ =
δψL
δρµ
= i∂µσ˜, σ˜⋆ =
δψL
δσ˜
= −i∂µρ
µ
σ⋆ =
δψL
δσ
= 0, βν⋆ =
δψL
δβν
= −iλ1ρ˜
ν
ϕ⋆ =
δψL
δϕ
= −i(∂µρ˜
µ − λ2χ˜), χ˜
⋆ =
δψL
δχ˜
= iλ2ϕ
χ⋆ =
δψL
δχ
= 0. (6.5)
Now we apply the FFBRST transformation with the finite parameter given in Eq. (4.2)
to this generating functional in Lorentz gauge. But the path integral measure is not
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invariant under such a finite transformation and give rise to a factor which can be written
as eiS1, where the functional S1 is calculated in Appendix A and also given in Eq. (4.3).
The transformed generating functional
Z ′ =
∫
Dφ exp[i{WΨL + S1}],
=
∫
Dφ exp[iWΨA] ≡ Z
A (6.6)
The generating functional in axial gauge
ZA =
∫
[dBdρdρ˜dσdσ˜dϕdχdχ˜dβ] exp
[
i
∫
d4x
{
1
12
FµνλF
µνλ − B¯µν⋆ (∂µρν − ∂νρµ)
− i ρ¯µ⋆∂µσ + i¯˜ρ
ν⋆
βν − ¯˜σ
⋆
χ˜− ϕ¯⋆χ
}]
. (6.7)
The extended actionWΨA for 2-form gauge theory in axial gauge also satisfies the quantum
master equation (6.4). The gauge fixed fermion for axial gauge
ΨA = −i
∫
d4x [ρ˜ν (ηµB
µν + λ1β
ν) + σ˜ηµρ
µ + ϕ (ηµρ˜
µ − λ2χ˜)] . (6.8)
and corresponding antifields are
B¯µν⋆ =
δψA
δBµν
= −iηµρ˜ν , ¯˜ρ
ν⋆
=
δψA
δρ˜ν
= −i(ηµB
µν + λ′1β
ν + ηνϕ)
ρ¯µ⋆ =
δψA
δρµ
= −iηµσ˜, ¯˜σ
⋆
=
δψA
δσ˜
= −iηµρ
µ
σ¯⋆ =
δψA
δσ
= 0, β¯ν⋆ =
δψA
δβν
= −iλ′1ρ˜
ν
ϕ¯⋆ =
δψA
δϕ
= −i(ηµρ˜
µ − λ′2χ˜), ¯˜χ
⋆
=
δψA
δχ˜
= iλ′2ϕ
χ¯⋆ =
δψA
δχ
= 0 (6.9)
Thus the FFBRST transformation with finite parameter given in Eq. (4.2) relates the
different solutions of quantum master equation in field/antifield formulation.
VII. CONCLUDING REMARKS
The usual BRST transformations have been generalized for the Abelian rank-2 anti-
symmetric tensor field theory by making the parameter finite and field dependent. Such
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generalized BRST transformations are nilpotent and leave the effective action invariant.
However, being finite in nature such transformations do not leave the path integral mea-
sure invariant. We have shown that for certain choices of finite field dependent parameter,
the Jacobian for the path integral of such generalized BRST transformations always can
be written as eiS1, where S1 is some local functional of fields and depends on the choice of
the finite BRST parameter. S1 can be added with S
L
eff to produce the new effective action.
Thus the generating functional corresponding to one effective theory is then linked to the
generating functional corresponding to another effective theory through the generalized
BRST transformations. In this present work we have shown that the generating func-
tional corresponding to covariant gauge viz. Lorentz gauge is connected to the generating
functional in noncovariant gauges viz. axial gauge and Coulomb gauge. Thus the gen-
eralized BRST transformations are helpful in the study of Abelian rank-2 antisymmetric
tensor field theory in noncovariant gauges, which is very useful in certain situation [34].
We further consider the generalization of anti-BRST transformations and show that even
generalized anti-BRST transformations can connect generating functionals for different
effective theories. The generalized BRST transformations can also be very useful in mod-
ern approach of quantum field theory, namely field/antifield formulation. With the help
of an explicit example we have shown that the different solutions of the master equation
are related through generalized BRST transformations in the field/antifield formulation
of Abelian 2-form antisymmetric tensor field theory.
Appendix A: FFBRST in Axial gauge
Under the generalized BRST transformations with finite parameter given in Eq. (4.2),
the path integral measure for the generating functional in Eq. (2.6) transforms as∫
Dφ′ =
∫
Dφ J(κ), (A1)
J(κ) can be replaced by eiS
A
1 if the condition in Eq. (3.6) satisfies. We start with an
ansatz for SA1 to connect the theory in Lorentz to axial gauge as
SA1 =
∫
d4x [ξ1βν∂µB
µν + ξ2βνηµB
µν + ξ3βνβ
ν + iξ4ρ˜ν∂µ(∂
µρν − ∂νρµ)
15
+ iξ5ρ˜νηµ(∂
µρν − ∂νρµ) + iξ6χχ˜+ iξ7χ˜∂µρ
µ + iξ8χ˜ηµρ
µ
+ ξ9σ˜∂µ∂
µσ + ξ10σ˜ηµ∂
µσ + ξ11∂µβ
µϕ+ ξ12ηµβ
µϕ
+ i ξ13χ∂µρ˜
µ + iξ14χηµρ˜
µ] (A2)
where ξi(i = 1, 2, ..., 14) are explicit κ dependent parameters to be determined by using
Eq. (3.6). The infinitesimal change in Jacobian, using Eq. (3.7) with finite parameter in
Eq. (4.2), is calculated as
1
J
dJ
dκ
= −
∫
d4x [−iγ1βν(∂µB
µν − ηµB
µν) + γ1ρ˜ν∂µ(∂
µρν − ∂νρµ)
− γ1ρ˜νηµ(∂
µρν − ∂νρµ)− iγ2λ1βνβ
ν − γ1χ˜∂µρ
µ
+ γ1χ˜ηµρ
µ + γ2λ2χχ˜+ iγ1σ˜∂µ∂
µσ − iγ1σ˜ηµ∂
µσ
+ iγ1βµ(∂
µϕ+ ηµϕ)− γ1χ∂µρ˜
µ + γ1χηµρ˜
µ] . (A3)
The condition (3.6) will be satisfied iff
∫
d4x ei(Seff+S
A
1
) [iβν∂µB
µν(ξ′1 − γ1) + iβνηµB
µν(ξ′2 + γ1) + iβνβ
ν(ξ′3 − γ2λ1)
− ρ˜ν∂µ(∂
µρν − ∂νρµ)(ξ′4 − γ1)− ρ˜νηµ(∂
µρν − ∂νρµ)(ξ′5 + γ1)− χχ˜(ξ
′
6 − γ2λ2)
− χ˜∂µρ
µ(ξ′7 + γ1)− χ˜ηµρ
µ(ξ′8 − γ1) + iσ˜∂µ∂
µσ(ξ′9 + γ1)
+ σ˜ηµ∂
µσ(ξ′10 − γ1) + i∂µβ
µϕ(ξ′11 − γ1) + iηµβ
µϕ(ξ′12 + γ1)
− χ∂µρ˜
µ(ξ′13 + γ1)− χηµρ˜
µ(ξ′14 − γ1) + i∂µ(∂
µρν − ∂νρµ)Θ′b[βν(ξ4 − ξ1)]
+ iηµ(∂
µρν − ∂νρµ)Θ′b[βν(ξ5 − ξ2)]− i∂µ∂
µσΘ′b[χ˜(ξ7 − ξ9)]
− iηµ∂
µσΘ′b[χ˜(ξ8 − ξ10)]− i∂
µχΘ′b[βµ(ξ11 + ξ13)]
− iηµχΘ′b[βµ(ξ12 + ξ14)]] = 0 (A4)
The contribution of antighost and ghost of antighost can possibly vanish by using the
equations of motion of the ρ˜µ and σ˜. It will happen if the ratio of the coefficient of terms
in the above equation and the similar terms in SLeff + S
A
1 is identical [19]. This requires
that
ξ′4 − γ1
ξ4 + 1
=
ξ′5 + γ1
ξ5
ξ′9 + γ1
ξ9 − 1
=
ξ′10 − γ1
ξ10
(A5)
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The Θ′ dependent terms can be converted into local terms by the equation of motion of
different fields. This can only work if the following conditions are satisfied
ξ4 − ξ1
ξ4 + 1
=
ξ5 − ξ2
ξ5
ξ7 − ξ9
ξ9 − 1
=
ξ8 − ξ10
ξ10
ξ11 + ξ13
ξ13 − 1
=
ξ12 + ξ14
ξ14
(A6)
Further by comparing the coefficients of different terms iβν∂µB
µν , iβνηµB
µν , iβνβ
ν,
ρ˜ν∂µ(∂
µρν − ∂νρµ), ρ˜νηµ(∂
µρν − ∂νρµ), χχ˜, χ˜∂µρ
µ, χ˜ηµρ
µ, iσ˜∂µ∂
µσ, iσ˜ηµ∂
µσ, i∂µβ
µϕ,
iηµβ
µϕ, χ∂µρ˜
µ and χηµρ˜
µ in both sides of Eq. (A4), we obtain the following conditions
ξ′1 − γ1 + γ1(ξ4 − ξ1) + γ1(ξ5 − ξ2) = 0
ξ′2 + γ1 − γ1(ξ4 − ξ1)− γ1(ξ5 − ξ2) = 0
ξ′3 − γ2λ1 + γ2λ1(ξ4 − ξ1) + γ2λ1(ξ5 − ξ2) = 0
ξ′4 − γ1 = 0
ξ′5 + γ1 = 0
ξ′6 − γ2λ2 − γ2λ2(ξ7 − ξ9)− γ2λ2(ξ8 − ξ10) = 0
ξ′7 + γ1 − γ1(ξ7 − ξ9)− γ1(ξ8 − ξ10) = 0
ξ′8 − γ1 + γ1(ξ7 − ξ9) + γ1(ξ8 − ξ10) = 0
ξ′9 + γ1 = 0
ξ′10 − γ1 = 0
ξ′11 − γ1 − γ1(ξ11 + ξ13)− γ1(ξ12 + ξ14) = 0
ξ′12 + γ1 + γ1(ξ11 + ξ13) + γ1(ξ12 + ξ14) = 0
ξ′13 + γ1 = 0
ξ′14 − γ1 = 0. (A7)
A particular solution of the above differential equations subjected to the conditions in
Eqs. (A5) and (A6) with initial condition ξi(κ = 0) = 0 can be written as
ξ1 = −κ, ξ2 = κ
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ξ3 = γ2λ1κ, ξ4 = −κ
ξ5 = κ, ξ6 = γ2λ2κ
ξ7 = κ, ξ8 = −κ
ξ9 = κ, ξ10 = −κ
ξ11 = −κ, ξ12 = κ
ξ13 = κ, ξ14 = −κ, (A8)
where we have chosen the arbitrary parameter γ1 = −1. Putting the values of ξi in Eq.
(A2) we obtain SA1 at κ = 1 as
SA1 =
∫
d4x [−βν∂µB
µν + βνηµB
µν + γ2λ1βνβ
ν − iρ˜ν∂µ(∂
µρν − ∂νρµ)
+ iρ˜νηµ(∂
µρν − ∂νρµ) + iγ2λ2χχ˜ + iχ˜∂µρ
µ − iχ˜ηµρ
µ
+ σ˜∂µ∂
µσ − σ˜ηµ∂
µσ − ∂µβ
µϕ+ ηµβ
µϕ+ iχ∂µρ˜
µ
− iχηµρ˜
µ] . (A9)
Appendix B: FFBRST in Coulomb gauge
For the finite parameter given in Eq. (4.7) we make following ansatz for SC1
SC1 =
∫
d4x
[
ξ1βν∂µB
µν + ξ2βν∂iB
iν + ξ3βνβ
ν + iξ4ρ˜ν∂µ(∂
µρν − ∂νρµ)
+ iξ5ρ˜ν∂i(∂
iρν − ∂νρi) + iξ6χχ˜+ iξ7χ˜∂µρ
µ + iξ8χ˜∂iρ
i
+ ξ9σ˜∂µ∂
µσ + ξ10σ˜∂i∂
iσ + ξ11∂µβ
µϕ+ ξ12∂iβ
iϕ
+ iξ13χ∂µρ˜
µ + iξ14χ∂iρ˜
i
]
. (B1)
The infinitesimal change in Jacobian for Coulomb gauge is calculated as
1
J
dJ
dκ
= −
∫
d4x
[
−iγ1βν(∂µB
µν − ∂iB
iν) + γ1ρ˜ν∂µ(∂
µρν − ∂νρµ)
− γ1ρ˜ν∂i(∂
iρν − ∂νρi)− iγ2λ1βνβ
ν − γ1χ˜∂µρ
µ
+ γ1χ˜∂iρ
i + γ2λ2χχ˜ + iγ1σ˜∂µ∂
µσ − iγ1σ˜∂i∂
iσ
+ iγ1βµ∂
µϕ− iγ1βi∂
iϕ− γ1χ∂µρ˜
µ + γ1χ∂iρ˜
i
]
. (B2)
18
The condition will be satisfied iff
∫
d4x ei(Seff+S
C
1
)
[
iβν∂µB
µν(ξ′1 − γ1) + iβν∂iB
iν(ξ′2 + γ1) + iβνβ
ν(ξ′3 − γ2λ1)
− ρ˜ν∂µ(∂
µρν − ∂νρµ)(ξ′4 − γ1)− ρ˜ν∂i(∂
iρν − ∂νρi)(ξ′5 + γ1)− χχ˜(ξ
′
6 − γ2λ2)
− χ˜∂µρ
µ(ξ′7 + γ1)− χ˜∂iρ
i(ξ′8 − γ1) + iσ˜∂µ∂
µσ(ξ′9 + γ1)
+ σ˜∂i∂
iσ(ξ′10 − γ1) + i∂µβ
µϕ(ξ′11 − γ1) + i∂iβ
iϕ(ξ′12 + γ1)
− χ∂µρ˜
µ(ξ′13 + γ1)− χ∂iρ˜
i(ξ′14 − γ1) + i∂µ(∂
µρν − ∂νρµ)Θ′b[βν(ξ4 − ξ1)]
+ i∂i(∂
iρν − ∂νρi)Θ′b[βν(ξ5 − ξ2)]− i∂µ∂
µσΘ′b[χ˜(ξ7 − ξ9)]
− i∂i∂
iσΘ′b[χ˜(ξ8 − ξ10)]− ∂
µχΘ′b[βµ(ξ11 + ξ13)]
− i∂iχΘ′b[βi(ξ12 + ξ14)]
]
= 0. (B3)
Following the method exactly similar to Appendix A, we obtain the solution for the
parameters ξi which is exactly same as in Eq. (A8).
Thus we obtain SC1 at κ = 1 as
SC1 =
∫
d4x
[
−βν∂µB
µν + βν∂iB
iν + γ2λ1βνβ
ν − iρ˜ν∂µ(∂
µρν − ∂νρµ)
+ iρ˜ν∂i(∂
iρν − ∂νρi) + iγ2λ2χχ˜+ iχ˜∂µρ
µ − iχ˜∂iρ
i
+ σ˜∂µ∂
µσ − σ˜∂i∂
iσ − ∂µβ
µϕ+ ∂iβ
iϕ+ iχ∂µρ˜
µ
− iχ∂iρ˜
i
]
. (B4)
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